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Dear Mr. Vince:

for acrylic acid for the soils at the Eunice, Louisiana site on behalf of the Union Pacific
Railroad Company (UPRR). Specifically the petition is submitted in accordance with LAC
33:V.2231.G,, the applicable sections of which are shown below.

G.  Based on a petition filed by a generator or treater of hazardous waste, the

administrative authority may approve a sile-specific variance from an applicable treatment
standard if:

1. (Not Applicable); or

2. itis inappropriate to require the waste to be treated to the level specified 1n the
treatment standard or by the method specified as the treatment standard, even though such

treatment is technically possible. To show that this is the case, the petitioner must either
demonstrate that:

a. freatment to the specified level or by the specified method is technically
inappropriate (e.g., resulting in combustion of large amounts of mildly contaminated

environmental media where the treatment standard is not based on combustion of such
media); or

b. (NotApplicable);

3. for contaminated soil only, treatment to the level or by the method specified in the
so1l treatment standard would result in concentrations of hazardous constituents that are
below (i.e., lower than) the concentrations necessary to miminuze short and long term threats

to human health and the environment. Treatment vanances approved under this Subsection
must:

a. ata mmnimum, impose alternative land disposal restriction treatment standards
that, using a reasonable maximum exposure scenario:
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Mr. Michael Vince
ARCADIS 20 May 2002

i.  (Not Applicable);

ii. for constituents with noncarcinogenic effects, achieve constituent
concentrations that an individual could be exposed to on a daily basis without appreciable risk
of deleterious effect during a lifetime;

b. not consider post-land-disposal controls;

The information specifically requested in LAC 33.1.907.C. and the above specified sections of
LAC 33:V.2231.G is provided below,

Petitioner's Name and Address {§ 907.C.1.)

Union Pacific Railroad
24125 Aldine Westfield Road
Spring, Texas 77373-9015
Contact: Geoffrey Reeder

UPRR is the generator of a large volume of impacted soil media from a train derailment site
northwest of the town of Eunice, Louisiana. Approximately 1,500 tons of this soil has been
mildly contaminated by acrylic acid (U008). UPRR has undertaken the clean up
environmental media at the site impacted by the chemucals carnied in the derailed railcars.

I Basis for the Requested Variance (§ 907.C.3.)

Acrylic acid in its pure form is a listed waste due to igmitability. The treatment standard for
this compound is incineration. Based upon LAC 33:V.2231.G.2.a, UPRR believes that
treatment of this impacted media by incineration is technically inappropriate, resulting in the
incineration of a farge volume of this soil (1,500 tons) solely because it is impacted by low
levels of acrylic acid (the highest residual concentration detected to date is 240 milligrams per
kilogram [mg/Kg]). This equates to less than one tenth of one percent by volume of the soil
even if all the so1l were impacted by this concentration. In addition, the acrylic acid at the site
does not exhibit the same nature as the acrylic acid utilized in the determmation of the
hazardous waste characteristic of ignitability. The waste material polymernized during the
release, becoming a solid material, and is no longer ignitable. Although occasional exposed
pieces of the polymerized material have been found at or near the surface of the ground, in the
2 years since the derailment, no acryhc acid has ignited at the site. Additionally, so1l with this
concentration of acrylic acid was tested for ignitability as part of the waste charactenzation
during the initial removal operation. The soil was determined not to be ignitable.

Page
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l . Petitioner's Interest in the Proposed Action (§ 907.C.2.)
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. ...Proposed Regulations or Amendments... (§ 907.C.4.)
No regulations or amendments to regulations are anticipated due to this action.
V. Other Information that Justifies the Proposed Action (§ 907.C.5.)

Treatment of the contaminated soil by incineration would result in concentrations of
hazardous constituents (acrylic acid) that are below the concentrations necessary to mimmize
short and long term threats to human health and the environment. Acrylic acid exhibits non-
carcinogenic effects. In accordance with LAC 33:V.2231.G.3.a.ii, ARCADIS has calculated
concentration limuts (attached), under Management Option — 1 (MO-1) that an individual
could be exposed to on a daily basis without appreciable risk of deleterious effect during a
lifetime. These MOQ-1 limits are based upon Screening Standard concentrations already
calculated by ARCADIS, submitted in the Site Investigation Report for Eunice City Lake,
and accepted by the LDEQ (also attached). The MO-1 standard (100 mg/Kg) 1s based on an
industrial exposure scenario.

Leaching Procedure (SPLP) samples collected from the impacted areas of the right-of-way
documented that the acrylic acid is not mobile. As shown in the Railbed Report (February
2002) the SPLP sample collected from the area of highest acrylic acid concentrations had an
SPLP concentration of only 0.066 milligrams per liter (mg/L) which is three orders of
magnitude below a concentration that is protective of groundwater. Therefore, landfilling of
this soil will not create an environmental hazard due 1o the leaching of the acrylic acid.

Based upon the information provided above, UPRR proposes to dispose of soil containing
concentrations of 100 mg/Kg or less of acrylic acid by direct landfilling at a Subtitle C
(Hazardous Waste) landfill. Landfilling of acrylic acid contarmmated sotl, below the MO-1
industrial level, will remain protective of human health and the environment. UPRR proposes
to dispose of the soil impacted by acrylic acid above the MO-1 concentration of 100 mg/Kg
by incineration.

UPRR will comply with all applicable requirements for restricted wastes found under LAC
33:V.2245 and 2247.

Page
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l The acrylic acid that is in the soil does not readily leach from the soil. Synthetic Precipitate
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Certification

Based upon a thorough review of the information pertinent to this petition, the engineer
providing oversight of this project makes the following certification:

I certify under penally of law that I have personally examned and am
Jamiliar with the information submitted in this petinon and all attached
documentis and rthat, based on my inquiry of those individuals immediately
responsible for obtaining the information, I believe that the submitted
information is true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the
possibility of fines and imprisonment.

Sincerely,

Db Eruse

* ¥
DAVID R. ESCUDE
REG. No. 23071

David R. Escude’ REGISTERED
Principal Engineer PROFESSIONAL ENGINEER
2 gt

3

DRE:GHC:RJG:ndw

Attachments

Copies

Geoffrey Reeder/Union Pacific
David Young/Union Pacific
Steven Levine/Phelps Dunbar
Dr. James H Brenv/LDEQ
Mr. Douglas Bradford/LDEQ

Page
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Table 1. RECAP Limting Industrial Soil MO-1 RECAP Standards (RS) for the
Railbed Proper, Umon Pacific Railroad Derailment Site, Union Pacific
Railroad Company, Eunice, Louisiana. )

Limiting MO-1 Industrial Sotlgg

(mg/kg)
VOCs
1,2-Dichloropropane 0.042
Chloromethane 0.1
n-Hexane 110
SOVCs
Acrylic Acid 100
Benz(a)anthracene 0.33*
Dicyclopentadiene 54
Disedium Iminodiacetate 150
Naphthalene 32
Phenol 9%0
2,4-Toluenediamine 1.67*
Toluene Diisocyanate 0.66*
Inorganics
Aluminum 74,000

The limiting industrial Soilgs was based on the lowest of the Soil,, the Soilgwsnpw, and the Soilg,.

Soil, Soil MO-1 RECAP standard based on the protection of human health for industrial land
use; from RECAP Table 2 when available (applicable to railbed proper); modifications
to account for additive effects are shown n parentheses.

Sollgwinow  Soil MO-1 RECAP standard for soil concentration protective of groundwater
classification 3; from RECAP Table 2 when available; a dilution factor (DF) was
conservatively not applied due to the proximity of the tnbutary to the Railbed.

Soilgy Soil saturation concentration (from RECAP Table 2 when available).

mg'kg milligrams per kilogram.

* If the calculated RS was less than the sample quantitation himit (SQL), the SQL was
used as the RS.

Page
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Scientist/Toxicologist

Lance W. Fontenot, Ph.D.
Senior Scientist/Toxicologist

Rudy ). Guichard
Vice President/Area Manager

RECAP Screening Standards for
Union Pacific Railroad Train
Derailment

Eunice Train Derailment 52700
- May 27, 2000
Agency Interest No. 85276

Prepared for:

Union Pacific Railroad Company
Prepared by.

ARCADIS Geraghty & Miller, Inc.
2900 West Fork Drive

Suite 540

Baton Rouge

Louisiana 70827

Tel 225 292 1004

Fax 225 292 5210

Our Ref.
LA001993.0001.00002

Dare
20 April 2001

This document is intended only for the use
of the indwidual or entity for whxh it was
prepared and may contain information that
is privileged, confidential, and exempt from
disclosure under applicable law Any
dissemination, distnbution, or copying of
this document s strictly prohibited
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1.0 Introduction

The objective of this report is to present risk-based screening standards using the
equations provided in the Louisiana Department of Environmental Quality Risk
Evaluation/Corrective Action Program (RECAP; LDEQ 2000; LAC 33:1.Chapter 13),
RECAP Screening Standards (SS) will be used fo: (1) evaluate preliminary sample
quantitation limits (SQLY); (2) establish an Area of Investigation (AOl) and constituents
of concern (COCs) in accordance with RECAP Site Investigation requirements; and (3)
provide an approach for deriving site specific RECAP Standards (RS) for the COCs
after the Site Investigation activities are completed. The approach for defining AOI for
the Eunice Train Derailment site is contained in the “Revised Work Plan,
Environmental Site Investigation (ARCADIS Geraghty & Miller July 12, 2000) which
was approved by LDEQ on July 25, 2000.

This report is concerned with the “short-list” of derailment-related COCs. The “short-
list” of COCs includes the chemicals contained in the breached rail cars or surrogate
chemicals identified as indicators of the presence of a chemical contained in the
breached rail cars. A toxicity assessment for the COCs was conducted in order to
identify appropriate toxicity values for use in calculating risk-based concentrations in
soil, surface water, and edible fish tissue. To support the toxicity assessment,
toxicological and environmental fate data were compiled from a technical literature
review for the COCs,

Risk-based SS for non-industrial soil (Soilsy, Soilssgw, and Soile), groundwater
(GWss), surface water (SWypw), and edible fish tissue (Risk-Based Concentration
[RBC]) were calculated. The soil SS were calculated from equations taken directly
from Appendix H and 1 of RECAP (LDEQ 2000). The soil SS presented herein are
based on the assumption that the area of impacted soil under investigation is
approximately 0.5 acre or less, If after completion of the Site Investigation the area of
impacted soil is determined to be greater than 0.5 acre, the soil S5 will require
modification to the actual area of impacted soil.

The groundwater SS were calculated from equations taken directty from Appendix H
of RECAP (LDEQ 2000). The surface water standard utilized the RECAP
Management Option 1 (MO-1) equations for Groundwater Classification 3 Non-
Drinking Water (GW3ypw) because the point of exposure for a GW3INDW
groundwater source is assumed to be at the point of discharge to a surface water body.
Therefore, the GW3xpw is assumed to be representative of a surface water RECAP

UronPacRrSde
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52700 - May 27, 2000
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Standard and is also consistent with Human Health Numerical Criteria Derivations for

Toxic Substances (LDEQ 1994). The RBC for edible fish tissue is based on the

cquation presented in the U.S. Environmental Protection Agency (USEPA) Region 111
Report on the development of risk-based concentrations (USEPA Region 111 Risk-

Based Concentration Table: Technical Background Information, 1999).

The following RECAP Standards were calculated:

Soilssy

The RECAP soil screening standard based on the protection of
human health for non-industrial land use.

SOIlssqw

The RECAP soil screening standard based on the protection of
groundwater meeting the definition of Groundwater
Classification 1 (compliance with GWis).

Soil,

The MO-1 RECAP Standard based on the concentration that
represents a chemical-physical limit where saturation of the soil
occurs. Constituent concentrations in soil at or above the Soil,,
indicate a potential for non-aqueous phase liquid (NAPL) to be
present in the soil.

GWSS

The RECAP groundwater screening standard based on the
protection of groundwater meeting the definition of
Groundwater Classification 1.

[ SWiow

The modified surface water RECAP Siandard utilizing the
GW3NDW equations that assumes a point of discharge into a
surface water body.

RBC

Calculated risk-based concentrations for edible fish.

2.0 Methods

While RECAP provides screening standards for chloromethane, phenol, and 1,2-

dichloropropane, no standards are available for other “short-list” COCs. Therefore,
RECAP S8 for such constituents were calculated using the equations provided in
RECAP Appendix H and I (LDEQ 2000). The first step in preparation for doing such
calculations was to compile physical and chemical information (Table 1), as well as

toxicological information (Tables 2 and 3) on these constituents. Such data were
obtained primarily from RECAP, USEPA Region 11 and Region [X documents.

Occasionally, the information needed for a specific chemical was not available. When

chemical-specific dermal absorption factors (ABS) were not available, organic

constituents were assumed to have an ABS of 0.1 and inorganic constituents an ABS of

UnonP s/ de
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0.01, as taken from Appendix H, Table H-1 of RECAP (LDEQ 2000). Henry’s Law

constants were calculated with the following equation when not available: H = (vapor

pressure * molecular weight)/solubility. The equation is based on the Henry’s Law

Constant formula in USEPA’s *“Soil Screening Guidance: Technical Background

Document” (USEPA 1999). The air diffusivities (D,) and water diffusivities (D,,) were

calculated following the formulas provided in Appendix H of RECAP. D; and D,, were

estimated using the algorithms below: F

chemical a = chemical in question

, - -

chemical b = phenol (with published diffusivity value)

. ..
o
3

p, = Dm _ [MV.

D,, MW,

K, represents the organic carbon/ water partition coefficient, and K., represents the
octanol/water partition coefficient. If a K, or Ko, Was not available in the literature, a
representative value was estimated using the algorithm from Appendix 1 of RECAP

(LDEQ 2000). Q
Log Ko = 0.0784 + (0.7919 x log Kow)
When necessary, a bioconcentration factor (BCF) was estimated using the K., and the

algorithm from Appendix I of RECAP (LDEQ 2000).

Log BCF =0.76 log K.w —0.23

Toxicity values were also located for the constituents involved. As reported in RECAP
(LDEQ 2000), toxicity values are obtained from the following hierarchy of sources:
(1) USEPA’s Integrated Risk Information System (IRIS), an on-line database of
toxicity information updated monthly (USEPA 2000); (2) USEPA’s Health Effects
Assessment Summary Tables toxicological profiles (HEAST; (USEPA 1997); (3)
USEPA Region 111 Risk-Based Concentration Tables (USEPA 1998a); or (4) USEPA
Region 1X Preliminary Remediation Goals Tables (USEPA 1998b). Additional

- el WS
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sources are presented in the References section (Section 4). Occasionally, the available
toxicological information needed to be converted to a form required by RECAP
Standard equations. The inhalation reference dose (RfD,) can be calculated by
converting a reference concentration (RfC) for noncarcinogenic effects using the
following equation found in USEPA Region 1X’s 1999 Preliminary Remediation Goals
Report (Oct. 1, 1999).

] F
RD, —"_ _ RfC(mg I m*)x 22T

X

(kg —day) day 70kg

A similar equation was used to convert the unit risk factors (URF) for carcinogenic
effects to the inhalation cancer slope factor (CSF;) using the following equation found
in USEPA Region IX’s 1999 Preliminary Remediation Goals Report (Oct. 1, 1999),

3
CSF, (kg —day) _ URF(m® [ ug)x c(i)ays x 70kg x 107ug

(mg) 20m mg

3.0 Results

Available RECAP Standards for surface soil were utilized for the constituents that have

such standards. As previously mentioned, some of the constituents do not have

RECAP Standards. The soil SS for non-industrial land use (Soilss,;), the soil SS for

protecticn of groundwater (Soilssgw), and the soil SS for soil saturation concentration A
(Soil ) provide conservative risk-based SS for defining the AQL. The definition of

AOI is critical for future applications of RECAP for corrective action options at the

site. Table 4 shows the available or calculated soil standards for the COCs. Also,

sample calculations for three constituents, acrylic acid, dicyclopentadiene, and 2,4-

toluenediamine, are provided in Table 5. L

In addition, RECAP Standards are not available for sediments, Therefore, it is
proposed that using the soil SS for sediments will be protective of human health.
Although surface soils found in the tributary area and adjacent wetlands at the site are
saturated during certain portions of the year, ihe soil screening standard (SS) for non-
industrial land use (Soilss,) and the soil SS for protection of groundwater (Soilgsow).
provide conservative risk-based SS for defining the Area of Investigation (AO1).

UnionPauRShdi 4
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Available RECAP Standards for groundwater were utilized for the constituents that
have such standards. As previously mentioned, some of the constituents do not have
RECAP Standards. The groundwater screening standard (GWss) is based on the
protection of groundwater meeting the definition of Groundwater Classification 1. In
accordance with RECAP, the Maximum Contaminant Level (MCL; Safe Drinking
Water Act) was identified as the GWgs when available. If an MCL was not available, a
risk-based GWss was developed using the equations provided in RECAP Appendix H
(LDEQ 2000). The exposure pathways that were considered in the development of the
risk-based GWg;s include the ingestion of groundwater and the inhalation of volatile
emissions associated with indoor groundwater use. Table 6 shows the calculated GWgg
and sample calculations for three constituents (acrylic acid, dicyclopentadiene, and 2,4-
toluenediamine) provided in Table 7.

RECAP Standards for surface water are not available. The equations for GW3NDW
were used to develop a risk-based surface water standard. Because the point of
exposure for GW3NDW groundwater is assumed to be at the point of discharge to a
surface water body, it is assumed to be representative of a surface water RS. The
GW3NDW equations are also consistent with LDEQ Human Health Numerical
Criteria Derivations for Toxic Substances (LDEQ Office of Water Resources 1994). In
Table 8 the calculated GW3NDW RS for surface water is referred to as Surface Water
Non-Drinking Water (SWNDW). Table 9 provides sample calculations of the
SWNDW standard.

RECAP Standards are aiso not available for fish. Therefore, to evaluate the constituent
concentrations in fish collected from surface waters near the derailment area, a risk-
based concentration was calculated. The RBC for edible fish tissue is based on the
equation in USEPA’s Region 11 Report on the development of risk-based
concentrations (USEPA Region 11l Risk-Based Concentration Table: Technical
Background Information, 1999). The USEPA Region 11l exposure assumption for fish
ingestion (0.054 kg/d) was adjusted to match the RECAP input for fish ingestion (0.02
kg/d). Table 10 shows the calculated RBCs for edible fish tissue, as well as any
USEPA Region III RBCs available for comparison. Sample cakculations for RBCs are
provided in Table 11.

If any of the calculated RECAP Standards are less than the analytical quantitation limit,
the analytical reporting limit is used as the limiting Screening Standard for that specific
medium (e.g., soil, groundwater, surface water, fish tissue) (LDEQ 2000). The
Reporting Limits utilized are in accordance with established standard EPA approved
methodologies. Reporting Limits are generally determined through application of a

UnsonPaci/Sirdr
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multiplication factor to the statistically derived Method Detection Limit (MDL) for an
individual compound. MDLs are established in accordance with protocols set forth in
40 CFR Part 136. For reporting purposes associated with this project, if a detection
occurs between the MDL and the reporting limit, values will be reported with a "J"
qualifier indicating that the concentration is estimated. Therefore, if a non-detect is
reported, the presumption is that the compound was not reportable above the MDL.
With the exception of 2,4-toluvenediamine and toluene diisocyanate, all fish tissue
RBCs were greater than the laboratory analytical detection limits.
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ARCADIS

Table 4 Calculation of RECAP Screening Standards for Seil, Union Pacific Derailment Site, Union Pacific Railroad
Company, Eunice, Louisiana

Sol_SSni Soil_SSGW Sott_sat
Constituent (mg/kg) (mg/kg) (mg/kg)
Acrylic Acid 381531
Aluminum R NAP
Caprolactam 1932 57 1 60 Q3R RS: 2434029.41
Chloromethane{Methyl Chlonde) 580 5 1600
Cyanide (total) AR 4, i 400 232005.72
1,2-Dichloropropane 0.69 8 " 1,200
Dicyclopentadiene 0. 008% L1l NAP
Disodium Iminodiacetate NA NA NA
Ethylene Glycol 5893.77 BREAT 15 £7 14752.96
n-Hexane I 438 158.67 21523
Neopentyl glycol” 5893.77 BT ) 274405 11
n-Pentane 5. 99.70 548.08
Phenol 2100 ? 24536 19
2,4-Toluenediamine 008 &P 2 1028.56
Toluene Diisocyanate N0 268 25187

mg/kg
NA
NAP
RECAP
Soil_sat

Soil_SSGW
Soil_SSni
(n

L]

+
Note-

Umion Pacific/Prodata/id-senlcalos T4 bk

milligrams per kilogram.

Not available

Not applicable.

Rask Evaluauion/Corrective Action Program.

Sonl screening standard based on the concentration at which the pore spaces mn the soil medium are saturated
constituenl of concern; from RECAP Table 2 when available.

Sosl screening standard based on the protection of groundwater meeting the defimtion of Groundwater
Classification|, from RECAP Table 1 when available.

Soil screening standard based on the protection of human health for non-industrial land vse; from RECAP Ta
when available

Soil level protective of groundwater for inorganic constituents based on GW1 because TCLP value not listed.
Chloromethane's Soil_SSGW In RECAP Table 1 1s based on Quanntation hmits, not the RECAP calculations.
Neopenty! glycol data was not available, therefore ethylene glycol was used as a surrogate.

If the hmiting Sou} Screening Standard was below the analyucal quantitation imits, the analytical quantitation
was used as the imiting so1l RECAP standard (LDEQ 2000).

Limiting Screening Standards are shaded.

Page 1 of |
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

Soilg, for Noncarcinogenic Effects of Organic Constituents

Soilg,(mgl kg)= THOx BW, x AT, x36Xlays yr
1 kg 1 1 1 k
EE xED||{ — |x10° == xRS |+|| — [*/ — SAxAF 6 X8
‘[{Rﬂ%]x me s:] ((Rﬂ?} M”[w-:,]H(RJQ}‘ Al RS0 mg}]

Soilg, for Carcinogenic Effects of Organic Constituents

TRx AT x36Xays yr

EE, x[(CSF;x 10X !RS,,){CSE& IRA, x(%])+[CSEx 10 %8 . 4BS« mD,,,J)]

mg nr mg

Soilg, {mglkg) =

Soilgg,, for Noncarcinogenic Effects of Inorganic Constituents

THOxBW_x AT, x365days/ yr

1 s kg 1 ¢ kg
EF xED 1075 == x IRS_ |+ SA x AF. x ABSx107¢ ~&
" ‘x[[(RfDa]x mg J [(RJD.,)X o AR ABSXIO mg

The following formulas are for both carcinogenic and noncarcinogenic constituents:

Soil ¢, (mg 1 kg) =

(Q/C)x(3.l4xDA xT)"? x107* (m* / cn?’)
(2xp,xD,)

VF,(m’ lkg) =

D, (cmz /s): [(9:0I3D'H' + 9:0’31),,)'/:12]
PbKd + ew + eaH

GW,x(p,xK,+6,+6, xH')
Py

Cm;l (""Ig / kg) =

Page
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soii,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

G W, for Noncarcinogenic Effects of Non-volatile Constituents

GWe(mgl/L)= THQ x BW_, x AT, x365days/ yr

EF xED, X[R 1 x IRWaJ

G W, for Noncarcinogenic Effects of Volatile Constituents

THQ x BW_x AT  x365days/ yr

EF,,,xED,,,x[[ 1 xK,foA,)+(( 1 Jme,,D
RD, R,

GW(mg/L)=

GW, = GW x10

GW for Carcinogenic Effects of Non-volatile Constituents

TR x AT, x365days ! yr

GW (mg/L)=
s8I = (CsF, x 1RW,,)

GW for Carcinogenic Effects of Volatile Constituents

TR x AT, x365days/ yr
EF, x{(CSF,x K, x IRA,, )+ (CSF, x IRW,,, )|

GW(mg!L)=

GW, =GW,

Soil g (mg 1 kg)=C,, x 20

Page
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. ARCADIS
Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
' Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.
P |
Soil . (mg 1 kg) = = ((K, x p, )+ 8, +(H x8,))
l Py
Estimation of air and water diffusivities (D, and Dy,)
' chemical a = chemical in question
chemical b = phenol (with published diffusivity value)
' b Du _ [MW,
. " D, MW,
Do = D,, _ MW,
' YD, MW,
l ABS Dermal absorption factor (unitless) chemical-specific
' AF, Child soil-to-skin adherence factor (mg/cm?) 0.3 mg/cm?
AT, Averaging time — carcinogens (yrs) 70 yr
. AT, Averaging time — noncarcinogens (yrs) 6 yr
' AT, Averaging time — noncarcinogens, non-industrial (yr) 30yr
l BW, Adult body weight (kg) T0kg
BW_ Average child body weight ages 1-6 (kg) 15kg
. Ceoi Soil concentration (mg/kg dry weight) calculated
' CSF, Inhalation cancer slope factor (mg/kg-day)” chemical-specific
- CSF, Oral cancer slope factor (mg/kg-day)’ chemical-specific
' D, Apparent diffusivity (cm?/s) calculated
. Page.
Unvom Patih/ProdetaTshbk 31
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

|
|
i
l D; Diffusivity in air (cm?/s) chemical-specific
I D, Diffusivity in water (cm’/s) chemical-specific
' ED, Child exposure duration ages 1-6 (yr) 6 yr
ED, non-industrial exposure duration (yr) 30 yr
. EF, non-industrial exposure frequency (days/yr) 350 days/yr
' fe Fractional organic carbon in sotl (g/g); f,. = percent 0.006 (0.6%)
organic matter/174 (ASTM 2974)
' GWq The RECAP groundwater screening standard based on the
protection of groundwater meeting the definition of
Groundwater Classification 1. calculated
l Gw, RECAP standard for groundwater meeting the
definition of Groundwater Classification 1. calculated
. H Henry’s Law Constant (atm-m*mol) chemical-specific
' H’ Dimensionless Henry’s Law Constant;H’=H/RT=Hx41 chemical-specific
. IRA, Adult inhalation rate (m*/day) 20 m’/day
IRA,, Age-adjusted inhalation rate (m’-yr/kg-day) 11 m*-yr/kg-day
l IRA, Child inhalation rate ages 1-6 (m*/day) 10 m’/day
l IRD,, Age-adjusted dermal contact rate (mg-yr/kg-day) 504 mg-yr/kg-day
IRS,, Age-adjusted soil ingestion rate (mg-yr/kg-day) 114 mg-yr/kg-day
l IRS, Child soil ingestion rate ages 1-6 (mg/day) 200 mg/day
' IRW, Adult water ingestion rate (L/day) 2 L/day
j
Un PacheProdatarTSibe 411
|
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,

Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

IRW,

Ps

Q/C

Soil

Soilgg,,

Soilgsow

Unron Pacifx/Prodaia/t Shbk

Age-adjusted water ingestion rate (L-yr/kg-day)
Soil-water partition coefficient (cm’g) =K x f,
Soil organic carbon partition coefficient (cm®/g)
Water-to-indoor air volatilization factor (L/m’)
Molecular weight (g/mole)

Total soil porosity (Lye/Lsos); (1 - py/po)

Dry soil butk density (g/cm®)

Soil particle density (g/cm®)

Inverse of the mean concentration at the center of a
0.5-acre-square source (g/m’-s per kg/m’)

Inhalation chronic reference dose (mg/kg-day)
Oral chronic reference dose (mg/kg-day)
Solubility in water (mg/L-water)

Child surface area (cm?/day)

Soil saturation concentration (mg/kg)

Non-industrial risk-based chemical concentration in

soil (mg/kg)

Screening standard based on the protection of groundwater
meeting the definition of Groundwater Clasification 1.

Exposure interval (s) - Noncarcinogen
Carcinogen

1.1 L-yr/kg-day
chemical-specific
chemical-specific
0.5 L/m’
chemical-specific
0.36

1.7

2.65

79.25

chemical-specific
chemical-specific
chemical-specific
2900 cm?*/day
calculated

calculated

calculated

19x 10®
95x J0?

Page
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

THQ Target hazard quotient (unitless) 0.1

TR Target excess individual lifetime cancer risk (unitless) 10

0, Air-filled soil porosity (L_/L,); (n-6,) 0.15

0, Water-filled soil porosity (L,.e/Loo) 0.21

VF,, Non-industrial soil-to-air volatilization factor (m'/kg) chemical-specific

SAMPLE CALCULATION : Dicyclopentadiene

Chemical a = dicyclopentadiene
Chemical b = phenol

2
p, - 0082cm’/s _ [132.21g/mole _ o eon i
D, 94.11g/mole
2
p, = 00000091cm’/s _ (132.21g/mole _ o 06 0o
D, 94.11g/mole

[(0.15° x0.07cm? /5% 0.0107atm - m*  mol x 41) + (0.21"" x 7.7x10 cm? 1 5)/0.367 ]
(1.7g/cm® x5.364cm’ 1 g)+0.21+(0.15% 0.0107atm — n® I mol x 41)

=

-4
- 4.1x10 — 4.4x10em? I s

vp - 19:25%(3.14% 445107 om? 15x1.9x10%s}"* <10
2x1.7x4.4x10%cm’ /5

Page'
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

1.3

= = 8620m’ / kg
0.00015

0.1x15x6x365

1 1 1 1 7
350%6 10 x 200 |+ lox{ L 2000 0320110
) x[[(i"xlo"]x ) ) ((5.7x10"]x x(sazo))+((3xlo'sz P03 )]

3285

= = 0.08 mg/k
210000.4) me e

Soilg,, =

0.1x70kg x 30y *365days / yr

350d/y><30y><( '_sx0.5m3xzom’/dayJ+[ - ! x2L/d
6x10 3x10"mg/kg—d

GW, =

76650

-5
= it:}?;;;iiiir =44x10 mg /L

The analytical quantitation limit for Dicyclopentadiene in groundwater is 0.01 mg/L, therefore this
value was used for GW, in the Csoil equation below.

_ 0.0Img/ L{1.7g /cm’ x 5.364cm’ / g +0.21+0.15x 0.01 latm —m* / mol x 41)

Csoil 3
1.7g/em

=0.055mg/ kg

Soilgeqy =0.055mg/kgx20=1.11mg/kg

Dicyclopentadiene is not soluble in water, therefore the Soil,, is considered not applicable.

Page
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana,

SAMPLE CALCULATION : Acrylic Acid

Chemical a = Acrylic Acid
Chemical b = phenol

2
D, = 0.082cm”" /s _ 72.06g / mole — 0.094cm? /s
D, 94.11g/ mole
2
D, = 0.0000091cm” /s _ 72.06g / mole —1.04x10"cm? /s
D, 94.11g/mole

[(0.15""* x0.094cm? / sx3.2x107" atm - m* 1 mol x 41)+ (021" x 1.04x107* cm? /5)10.36%]
(1.7g 7 em® x5.364cm® 1 g)+0.21+0.15x3.2x107" atm— m* / mol x 41)

A —

_ 4.6x107
0.65

=7.1x10"cm? /s

_79.25%(3.14x 7.1x10” cm? / sx1.9x10%s)"* x10™*

VF, —
2x1.7x7.1x107 " ecm” / s
= —0'—1—-6—6 = 67668m’ / kg
2.4x10°
Soil g, = 1 l0.1><15><6><35|5 1
350x6x ||| — [*107® x200 |+ (——Jxlox( J)‘P((—) 2900*0.3"0.]*10_6]
K[o.s) ] [ 0.0002 67668 05
3285
=—————=3.06mg /kg
210000.51) e E
A Y
Page
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

0.1x70kg x30yx365d/y

GWy =
350d/yx 30y x| ——————x2L/d
0.5mglkg—d

= 76650 =18mg/L
42000

c mol 6.963me/ k
sl 1.7g/cm’ o e

3
loxl.smg/L[(l.'ig/cm’ x0.258m® / g)+ 0.21+(0.15x 325107 2™ ><41J]

S0il gy = 6.963mg kg x 20 =139mg / kg

: 1x10°mg/ L

Soil
1.7g/cm’

[
3 mol

3
[(0.26cm3 Igx1.7g/cm’)+0.21 +[3.2x|0-’ -‘"’"—"‘x41x0.15]]

= 5.9x10°(0.44 + 0.21+41.95x10° )= 3.8x10° mg / kg

SAMPLE CALCULATION : 2,4-Toluenediamine

Chemical a = 2,4-toluenediamine
Chemical b = phenol

2
D, = 0.082cm* /s _ 122.17g / mole =0.072cm? /s
D, 94.11g / mole

2 (d
p o 0:0000091cm’ /s _ \/IZZ.I?g/molc = 7.09¢10"* cnt? / 5

" D 94.11g / mole

wid

Page
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ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana,

[(0.15°" x 0.072cm? /5x1.2x10 atm ~ m*  mol x 41y + (0.21*"* x 7.99x10" cm* /5)/ 036
(1.7g/cm* % 0.013cm’ 1 g)+ 0.21+(0.15%1.2x10° atm — m® / mol x 41)

A

=1.47x10"%cm? /s

_79.25% (3.14x1.47x10" cm? / s x9.5x10" s} x 10
2x1.7x1.47x10"%cm? / s

VF,

n

052 _
5x10°¢

1.05x10° m* / kg

107% x 70 365

Soil g, =
-6 1 -6
350x| (3.2x10° x114)+ 3.2xux[—,) +(3.2x107 x 0.1x 504)
1.05x10

_0.025

2002 _ 4 o0gmerk
0.3025 mg e

107% x 70yrsx 365days / yr
350d/ yx(3.2x1.1)

GWg =

_ 0025 2.0x107%mg/ L
1232

The analytical quantitation limit for 2,4-Toluenediamine in groundwater is 0.02 mg/L, therefore this
value was used for GW, in the Csoil equation below.

_0.02mg/ L(l."l'g fem® x0.013ecm® /g +0.2140.15x1.2x10°° atm — m* / mol x 41)

soi —

C =0.00274mg / kg

1.7g/cm’

Page
Urwon Pycita/ProdataT bk 10/11



LDEQ-EDMS Document 22570781, Page 30 of 40

ARCADIS

Table 5. Equations for RECAP Screening Standards for Soil and Sample Calculations for Soil,
Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice, Louisiana.

Soil s, =0.00274mg /kgx 20 =0.055mg / kg

Soil, = 2148/ L (g 013cm? 1 g x1.7g 1em? )+ 0.21+(1.2x10” atm — m® I mol x 41x 0.15)]

1.7g/cm

= 4.55(0.0221+ 0.21+ 7.4x10°° ) =1.06mg / kg

Page
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ARCADIS

Table 7. Equations for RECAP Screening Standards for Groundwater and Sample Calculations
for Groundwater, Union Pacific Derailment Site, Union Pacific Railroad Company,
Eunice, Louisiana.

G W, for Noncarcinogenic Effects of Non-volatile Constituents

THQOx BW_x AT, x365days/ yr

GW(mg/L)=

EF, x ED, x ( —— IR Wa)

G W, for Noncarcinogenic Effects of Volatile Constituents

THQ x BW_ x AT, x365days/ yr

EFMXED",X[[ ] xK,xIRA,J+(( ] )leWa]]
RD, RD,

GW(mg/L)=

GW, = GW x10

GW for Carcinogenic Effects of Volatile Constituents

TR x AT, x365days | yr .
EF, x|[CSF, x K, x IRA,, }+ \CSF, x IRW,, )|

GW(mg/L)=

GWy; for Carcinogenic Effects of Non-volatile Constituents

(;,4,§S (’7I£:IF1;) = TR x 14:1; )<:3‘55(ik!)A§/'J)r
: EF,, x(CSF, x IRW,, )
(;l’ﬂ = (;PV;S
Page
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ARCADIS

Table 7. Equations for RECAP Screening Standards for Groundwater and Sample Calculations
for Groundwater, Union Pacific Derailment Site, Union Pacific Railroad Company,
Eunice, Louisiana.

AT, Averaging time — carcinogens(yrs) 70 yr
AT, Averaging time — noncarcinogens, non-industrial (yr) 30 yr
BW, Adult body weight (kg) 70 kg
CSF, Inhalation cancer slope factor (mg/kg-day)™ chemical-specific
CSF, Oral cancer slope factor (mg/kg-day)” chemical-specific
ED, non-industrial exposure duration (yr) 30yr
EF,; non-industrial exposure frequency (days/yr) 350 days/yr
GW The RECAP groundwater screening standard based on the
protection of groundwater meeting the definition of
Groundwater Classification 1. calculated
GW, RECAP standard for groundwater meeting the calculated
definition of Groundwater Classification 1.
IRA, Adult inhalation rate {(m*/day) 20 m’/day
IRA,, Age-adjusted inhalation rate (m*-yr/kg-day) 11 m*-yr/kg-day
IRA, Child inhalation rate ages 1-6 (m*/day) 10 m*/day
IRW, Adult water ingestion rate (L/day) 2 L/day
IRW,, Age-adjusted water ingestion rate (L-yr/kg-day) 1.} L-yr/kg-day
K, Water-to-indoor air volatilization factor (L/m’) 0.5 L/m’
RID, Inhalation chronic reference dose (mg/kg-day) chemical-specific
RID, Oral chronic reference dose (mg/kg-day) chemical-specific
Page:
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ARCADIS

Table 7.  Equations for RECAP Screening Standards for Groundwater and Sample Calculations
for Groundwater, Union Pacific Derailment Site, Union Pacific Railroad Company,
Eunice, Louisiana.

THQ Target hazard quotient (unitless) 0.1
TR Target excess individual lifetime cancer risk (unitless) 10°

SAMPLE CALCULATION : Dicyclopentadiene

0.1x 70kg x 30y x 365days / yr

350dlyx30yx( ! 5x0.54m3x20m31day)+ - x2L/d
6x10- 3x10 7 mg/ kg - d

GW =

= 2000 sax0mgrL
175210

SAMPLE CALCULATION : Acrylic Acid

GW,, = 0.1x 70kg x 30y x365d/ y

350d/y><30yx( x2L/d]

05mglkg~-d

SAMPLE CALCULATION : 2,4-Toluenediamine

_107° x 70kg x 365days | yr

GW,
s 350d/ yx(3.2x1.1)

2
= 0.025 =2.0x10mg/L
1232

Page-
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ARCADIS

Table 8 Calculation of RECAP Standards for Surface Water, Union Pacific Derailment Site, Umon Pacific Rarlroad Company,

Eunice, Lomsiana

Carcmogemc Noncarcinogenic

Mmnmum Quaniiation
Constituent SWNDW SWNDW Value Limit
(me/L) (mg/L) (mg/L) (mg/L)
Acrylic Acid NC 321.10 005
Aluminum NC 636 47 05
Caprolaclam NC 22876 001
Chloromethane{Methyl Chlonide) 0037 4101 0002
Cyanide {10tal) NC 12 84 001
1,2-Dachloropropane 0002 017 0001
Dicyclopentadicne NC 1 08 00l
Disodium Iminodiacetate NA NA
Ethylene Glycol NC 484
n-Hexane NC 4321
Neopentyl glycol’ NC 484 0
n-Pentane NC 43 93
Phenol NC 166 93
2 4-Toluenediamine 0 0002 NA
Toluene Drisocyanate 0 00022 194
BCF Bioconcentration factor (L/kg) -- chemical specific
BWa Adult Body Weight {70 kg)
CSF, Oral cancer slope factor (mg/kg/day)” -- chemical specific
IRF Fish/Shellfish ingestion rate (0 02 kg/day)
IRWpw Incidental water ingestton rate (0 089 L/day)
log Kow Log of the octanol/water partition coefTicient
MCL Maximum contammant fevet
mg/L Milhgrams per Irer
RECAP Risk Evaluation/Coryective Achion Program
RfD, Oral reference dose (mg/kg/day) -- chemical specific
SWNDW Risk-Based Concentration in surface water {mg/L)
NA Not available
THQ Target Hazard quotient {uniless) - |
TR Target Risk Level (unnless) - 10
* The munimum value for 1,2-Dichloropropane i3 the MCL value according to RECAP Worksheet 3
+ Neopenty! glycol data were not available, therefore cthylene glycol was used as a surrogate
Note If the SWNDW was below the analyical quantitation hmits, the analylical quantitation hmit was

used as the hmiung groundwater RECAP standard (LDEQ 2000)

noncarcinogenic

SWNDW = (TH() x RID x BW)/ (IRWypy + (BCF x IRF))

carcinogenic

SWNDW = (TR*BWY(CSF*{IRWypw + (BCF x IRF)))

Union Pacafic/ProdalaAB-SW-cale/T8Abk

The shaded value was determined to be the imiting standard or the analylical quantitation hmit
Equatmn taken from GW3NDW equation and is consistent with Human Health Numenical Critena
Dervations for Toxic Substances, LDEQ 1994
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ARCADIS

Table 9. Equations for RECAP Standards for Surface Water and Sample Calculations for Surface
Water, Union Pacific Derailment Site, Union Pacific Railroad Company, Eunice,
Louisiana.

SWypw for Noncarcinogenic Effects

THQOxRfD, x BW,
IRW,,,, +(BCF x IRF)

SWNDW =

SWypw for Carcinogenic Effects

TRxBW,

SWypw =
oW " CSF, x(IRW,,, +(BCF x IRF))

When chemical-specific data were not available, the following formulas were used.

LogBCF =0.76log K,, —0.23

LogK 5 = 0.0784 +(0.7919 xlog K 5y )

BCF Bioconcentration factor chemical-specific
BW, Adult body weight (kg) 70kg
CSF, Oral cancer slope factor chemical-specific
1IRF Fish/Sheilfish ingestion rate (kg/day) 0.02 kg/day
IRWyapw Incidental water ingestion rate (L/day) 0.089 L/day
Koc Organic carbon/water partition coefficient chemical-specific
Kow Octanol/water partition coefficient chemical-specific
RID, Oral chronic reference dose (mg/kg-day) chemical-specific
SWipw Risk-based concentration in surface water (mg/L) calculated
THQ Target hazard quotient (unitless) 1
TR Target excess individual lifetime carner risk (unitless) 10°

Page-
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ARCADIS

Table 11.  Equations for Risk-Based Concentrations for Edible Fish and Sample Calculations for Risk-Based
Concentrations for Edible Fish, Union Pacific Derailment Site, Union Pacific Railroad Company,
Eunice, Louisiana.

RBC for Noncarcinogenic Effects

THQ x RfD , x BW , x AT,

EF xED, | —RE__
1000 g / kg

RBC =

RBC for Carcinogenic Effects

TRx BW, x AT.

IRF
1000g / kg

RBC =

x CSF

EF_xED_, x[

AT, Averaging time for noncarcinogens (days) 10950 days

BW, Adult body weight (kg) 70kg

CSF, Oral cancer slope factor (mg/kg-day)” chemical-specific
ED,, Total exposure duration (years) 30y

EF, Exposure frequency (days/year) 350dly

IRF Fisk ingestion rate (g/day) 20 g/day

RBC Risk-based concentrations (mg/kg) calculated

RiD, Oral reference dose (mg/kg-day) chemical-specific
THQ Target hazard quotient (unitless) 1

TR Target excess individual lifetime cancer risk (unitless) 10¢

Page
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ARCADIS

Table 11.  Equations for Risk-Based Concentrations for Edible Fish and Sample Calculations for Risk-Based
Concentrations for Edible Fish, Union Pacific Derailment Site, Union Pacific Railroad Company,
Eunice, Louisiana.

Sample Calculation : Dicyclopentadiene

1x0.03 k"’gd x 70 kg x 10950 d
RBC = g~ =110mg / kg

350d / yr x30 y % 20g/day
1000 g / kg

Sample Calculation : Acrylic Acid

le.SkMgdx’IOkgxlO%Od
RBC = i = 1825 mg / kg

20g / day
350d / yr x 30 yx | 0819V
wx yx(lOOOg/kg)

Sample Calculation : 2,4-Toluenediamine

107 x 70 kg x 25550 days

20 g / day mg
350d/ 30 —= = Ix3.2] —=—
¢l yx[lﬂoog/kg]x [kg-day]

RBC =

—=0.003mg / kg

Page.
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